The objective of this paper is to analyse to what extent the use of cross-section data will distort the estimated elasticities for car ownership demand when the observed variables do not correspond to a state equilibrium for some individuals in the sample. Our proposal consists of approximating the equilibrium values of the observed variables by constructing a pseudo-panel data set which entails averaging individuals observed at different points of time into cohorts. The results show that individual and aggregate data lead to almost the same value for income elasticity, whereas with respect to working adult elasticity the similarity is less pronounced.
Introduction
The use of disaggregate data to estimate transport demand models has been common practice for the last three decades. The specification of demand models at the decision-making unit has proven to be the appropriate level on which to base transport demand theory.
However, the use of cross-section data has been questioned on the grounds that individuals do not instantaneously adjust their behaviour to changes in the explanatory variables and, in consequence, the observed situation at any point in time will not correspond to a state equilibrium for some individuals in the sample 1 . When the unobserved disequilibrium factors are correlated with the explanatory variables in the equation the estimated coefficients will be inconsistent and, hence, the cross-section relationship will not be appropriate to approximate the behavioural response to changes in the explanatory variables.
According to the available literature (Goodwin, 1990) , the lack of instantaneous adjustment may be due to several factors, such as incomplete information, searching costs, and various constraints that prevent immediate response. The existence of such factors may result in habit effects and lead to asymmetry in response or hysteresis.
Car ownership is one of the markets in which evidence has been provided both about lags in adjustment to changes in the contributing factors and asymmetrical response patterns 2 . The purpose of this paper is to analyse to what extent the use of cross-section data will distort the estimated elasticities in this specific context.
As is well known, disequilibrium situations can be modelled by estimating a dynamic model using panel data at individual level. Nevertheless, even ignoring the 1 See, for instance, Goodwin et al (1990) , Kitamura (1990) , Kitamura and Bunch (1990) and Kitamura (2000) . 2 See, for instance, Dargay (2001) , Dargay and Hanly (2004) and Goodwin (1997) .
econometric problems related to the estimation of dynamic, disaggregate models 3 , cross-section data is very frequently the only available information.
Our proposal consists of approximating the equilibrium values of the observed variables by constructing a pseudo-panel data set which entails averaging individuals observed at different points of time into cohorts according, among other variables, to the year of birth of the individual. The underlying assumption is that by averaging across individuals the disequilibrium situations will tend to be cancelled out and the estimated coefficients will represent long term behaviour better than cross-section individual data.
In our view, this assumption can be sustained for car ownership demand. The main contributing factors to car ownership are: household income, the size and structure of the household, the working positions of its members, the cost of car ownership, the residential location and the quality of public transport. In the real world, these variables change continuously and given that there is a lag in response, the observed number of cars per household may differ from that desired by some families. However, given the characteristics of the contributing factors it may well be that changes are not in the same direction for all households. If this is so, averaging individual observations will tend to reduce the disequilibrium values in the observed variables.
The results of the pseudo-panel model will be compared with those of the crosssection analysis in terms of elasticities in order to assess the accuracy of cross-section data for policy analysis.
Averaging observations, however, poses its own problem. Specifically, the variability in regressors is reduced, and in turn, in the limit, may lead to severe multicollinearity. In order to solve this problem, our approach consisted of grouping individuals into cohorts defined on the basis of common shared characteristics. Under the assumption that individuals in the same cohort have common characteristics, it is possible to treat the average for the cohorts as individual observations. Our proposal relies on the availability of repeated cross-section data at different points of time, which is far more frequent than a true panel data set 4 .
The data
The study relies on data from the Spanish Household Surveys (EPF) for 1980, 1990 and 2000, with sample sizes of 23,696, 20,927 and 28,963 observations respectively. The dependent variable is the number of cars per household which has been specified according to four alternatives: zero, one, two, and three or more cars.
The explanatory variables include socio-economic, demographic and residential Initially, we formed 8 cohorts by grouping individuals born in the same decade.
Nevertheless, the results showed that the estimated coefficients were not statistically different after the generation born in the forties. In the final specification we differentiated between three groups: those born before 1930, those born in the thirties, and the rest of the sample. 4 The use of pseudo panels has been common in car ownership demand. For instance, Madré (1990) , Dargay and Vythoulkas (1999) and Dargay (2002) . 5 For instance, Madré (1990) and Madré and Pirotte (1997) .
The effect of residential location was captured through two variables: municipality size and region of residence. We divided municipalities into four categories: very large (those with population over one million), large (those with populations between one million and half a million), medium (those with between 10,000 and 500,000 inhabitants), and small (those with less than 10,000 inhabitants).
The size of the municipality can be seen as a proxy for a range of variables affecting car ownership. For instance, different access to public transport or spatial distribution of activities. Secondly, the data showed that there was an additional effect depending on the region of residence.
The estimation of a car ownership equation with a cross-section sample when all households are faced by the same prices makes it impossible to include a price variable.
However, given that we have a sample at three different points in time the effect of price is captured by the constant term in the equations and its variation over time 6 .
The pseudo panel was formed by grouping households into cohorts according to three variables: year of birth of the head of the household, municipality size and region of residence. In order to guarantee that the number of observations in each cohort was high enough, households were grouped by periods of ten years. The same cohorts were defined for each year in the sample.
Estimated models
The selected specification to estimate the car ownership demand equation with individual data was the ordered probit model, whereas the pseudo panel equation was estimated according to a tobit model to avoid predictions lower than zero. The same 6 For a more detailed description of the data and variables of the study see Matas and Raymond (2005) .
explanatory variables were included in both models. Given that the estimated coefficients obtained in an ordered probit and tobit model are not directly comparable, the comparison was made in terms of elasticities for both formulations. Again, as shown in Table 2 , the coefficients take the expected sign and are significantly different from zero.
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Elasticities
In order to compare the results of the two formulations used we computed the elasticity of the expected number of cars with respect to two variables: total expenditure, as a proxy for permanent income, and the number of working adults in the
household. An interesting point in selecting these two variables is that whereas observed expenditure can be considered a good proxy for household permanent income, the number of working adults in the household can reflect situations of transitory disequilibrium depending on the business cycle. For instance, in periods of recession households can face a situation of transitory unemployment.
Elasticity values correspond to an average of individual elasticities for the whole sample and are computed for a unit percent increase in the explanatory variables. As shown in Table 3 , income-elasticities are almost identical for both types of data, whereas elasticity with respect to working adults is slightly higher in the pseudo panel formulation. It should also be noted that the results agree with those found in the literature.
In order to provide a more detailed comparison, we proceed by constructing a density function for each elasticity value. Let the starting point be the asymptotical distribution of the coefficient estimated in the corresponding model:
Given βˆ, it is possible to approximate a univocal function between the estimated elasticity and the estimated beta coefficient of the form:
Hence, the distribution of the elasticity will be:
After computing the mean and standard deviation for each individual elasticity, it is possible to construct the density function by simulation. Figures 1 and 2 present the results for income and working-adult elasticities, respectively. When comparing the distributions we should note that averaging across individuals leads to a loss of efficiency given the reduction in the number of observations. On the contrary, as long as averaged observations are a better approximation for equilibrium values, a source of inconsistency in the estimation is reduced.
Conclusions
The empirical results show that in our study individual and aggregate data lead to almost the same value for income elasticity. With respect to working-adult elasticity, the similarity is less pronounced. This outcome can be at least partially explained by the fact that in a sample of cross-section individuals disequilibrium errors are probably higher for the number of working adults in a family than for total expenditure, as stated above. Effectively, if the problem of disequilibrium values is more severe for observed working adults than for total expenditure, the potential inconsistency problem will probably be higher for working adult elasticity than for income elasticity. Nevertheless, this explanation should only be considered a suggestion given that if regressors are not orthogonal, the inconsistency in one of the estimated coefficients will partially affect the consistency of the remaining coefficients.
If averaging individual observations into cohorts with similar characteristics does effectively reduce the effect of disequilibrium in individual values, the results
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show that in our sample these potential disequilibria do not substantially affect the estimated elasticities. This evidence also agrees with Dargay (2002) in the context of car ownership demand. A possible explanation might be that in our case the disequilibria that affect cross-section data are of little importance in comparison to the variability observed in the explanatory variables across individuals. However, this does not generally need to be the case. Therefore, in order to reduce the effects of disequilibrium values in individual observations, our proposal can lead to a reasonable approximation to the relationship between variables when panel data are not available.
As long as the equation estimated using grouped data provides a reliable approximation to the relationship between equilibrium values, our approach can be considered a way to approximate the long term relationship between variables. 
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